The nonlinear thin film rupture has been analyzed by investigating the stability of thin films under the influence of electrostatic field to finite amplitude disturbances. The dynamics of the liquid film is formulated using the Navier Stokes equations including a body force term due to van der Waals attractions. The effect of the electric field is included in the analysis. The governing equation was solved by finite difference method as part of an initial value problem for spatial periodic boundary conditions. A discussion is provided for the effect of the electric field strength on the film rupture. 
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Kim and Bankoff [3] studied the interaction of an electrostatic field with a thin liquid film flowing under gravity down an inclined plane. They did not include the van der Waals force term in their analysis because they were concerned with thick films. They examined the stability and evolution of the interface in the thin film limit. A discussion was provided on the application of their numerical results to a proposed electrostatic liquid film space radiator.
A review of the literature indicated that no one until now has addressed the question of how the thin liquid film and an electrostatic field interact. The present work has been undertaken in order to investigate this problem. We are interested in the specific working regimes of the parameters, where it will be possible to stop rupture or dry out of the thin film. This will be accomplished by solving the equations of thin film motion in the presence of an electric field. A long wave theory is formulated for the nonlinear dynamic instabilities of the thin film.
ANALYSIS
We consider the flow of a thin liquid film down an inclined plane under gravity.
The plane is assumed to make an angle ß with the horizontal. We choose x and y directions to be parallel and normal to the plane, respectively as shown in Figure 1 . We assume that the characteristic thickness of the film to be d and the length scale parallel to the film to be L. The aspect ratio ^ = d / L. For a thin film, £ « 1. The distance from the charged foil and the plane is H.
The electric field is determined by solving Laplace's equation.
where (|>(x,y) is the electric potential. The boundary conditions are
Along y = h(x,t) we have the boundary conditions that the tangential electric field and the normal displacement field are continuous. It may be noted that y = h(x,t) is unknown, so that solution of the electrostatic problem is coupled to the dynamics of the film.
The liquid film is governed by the Navier-Stokes equations. The liquid layer is assumed thin enough that van der Waals forces are effective and thick enough that a continuum theory of the liquid is applicable.
We assume that the liquid is incompressible. The governing equations and boundary conditions are made dimensionless by using the following scales: length in ydirection=d, in x-direction«L, velocity in x-direction«U 0 , velocity in y- In the above equations, u and v are the velocity components in x and y directions respectively, p is the pressure and \|/ is the dimensionless potential function representing the van der Waals forces. We follow Williams and Davis [3] and write a modified 
At the fluid interface, we have the kinematic condition:
The continuity of tangential stress on the interface requires y = h(x,t) 1-S ., do)
where:
16K|IU C e f = dielectric constant of the fluid (dielectric constant for vapor is taken as unity) e 0 = electrical permittivity of free space E" t = normal and tangential components of the electric field in the vapor at the interface Ca = 2jiU 0 /a is the capillary number Equations (3)-(10) determine the motion of the liquid film. Our aim here is to solve for the stability of the liquid film while including the effect of van der Waals forces and an applied electric field.
We now apply the long-wave theory to study the stability problem. When the layer is thinner than a critical value, small disturbances begin to grow. These waves have wavelengths much larger than the mean thickness of the layer. Defining a small parameter K that is related to wave number of such disturbances, we may rescale the governing equations:
X = KX; Y = y;t = Kt (11)
We now assume the following expansions for the flow field: Similarly, expressions u,, v, andpj may be derived. Since these expressions are very long, they are not reproduced here.
Using equations (13)- (15) 
3KA ah" h 4 ax subject to initial conditions:
Equations (16) and (17) may be solved numerically in order to predict the rupture characteristics.
We now define
Equations (16) and (17) 
Equation (19) 
RESULTS AND DISCUSSION
The nonlinear partial differential equation (19) 
All the computations were done for a horizontal plate (ß = 0). and 6, we observe that for a given fluid, the ruptures times increase as the intensity of the electric field strength is increased. 
